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Abstract 
Pure Zn and Zn-Mg alloys of different compositions were casted for experiments. The alloy 
compositions were 0.4 wt%, 0.8 wt%, 1.2 wt%, 1.6 wt% and 2.0 wt% Mg. The metals were 
casted into ingots and rods as well as rolled into sheets where the cooling curves, 
microstructure, mechanical properties, and corrosion properties were tested and compared 
against one another. The solidification temperature decreases as Mg content increases. Pure 
Zn, Zn-0.4Mg, Zn-0.8Mg, Zn-1.2Mg, Zn-1.6 and Zn-2.0Mg possess a crystal microstructure and 
as the Mg content increase, the grain boundaries gets thicker. As Mg weight percentage 
increases, Young’s modulus and the ultimate tensile strength of rolled sheets increases as well. 
There were no particular corrosion patterns observed in the experiment.  
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1 Introduction 
Current medical treatments for bone fractures includes using non-degradable materials as a 
bone plate for support to allow proper tissue growth. Metal stints used in a percutaneous 
coronary intervention (PCI) are usually made of stainless steel as well. These non-
biodegradable materials will stay in the body and can only be removed by surgery. By using 
biodegradable materials, the surgery to remove theses metals will be unnecessary and the 
rate of the user’s healing may be matched with the rate of material degradation for optimal 
results. 
1 Project Goals 
The research for this project is focused on finding or developing an effective alternative to 
current medical practices of using non-biodegradable metals to support cardiovascular or 
orthopaedic recovery. The metals used in this project are Zinc(Zn) and Magnesium(Mg), where 
alloys of different Mg composition will be casted into metal ingots, bars, and rods. The alloys 
will be sent to Melbourne to be rolled into metal plates via precision rolling for experiments. 
The different alloys will then be observed and tested for their cooling curves and 
microstructure. The performance difference from the different alloys will be recorded in terms 
of its corrosion profile and mechanical properties. These are important performance index as 
the research uncovers the risk of harmful effects to the user if a weak and corrosive alloy were 
to be used. The investigation will be conducted through experimenting on pure Zn, Zn-0.4Mg, 
Zn-0.8Mg, Zn-1.2Mg, Zn-1.6Mg and Zn-2.0Mg.  
2 Literature Review 
To develop orthopaedic and PCI biodegradable implants for the human body, one must have 
great understanding of how the musculoskeletal and circulatory system works. With these 
knowledge, the medical applications developed can be better suited towards the needs of the 
patient. The testing and experimental environment is also very different from the actual 
biological environment in the human body thus, highlighting the importance of a good 
understanding on how the musculoskeletal and circulatory system works. On top of having a 
deep understanding of the systems in the human body, having a great understanding for the 
research materials, Zn and Mg is also important. The current technology for medical 
applications will also be needed to know the limitations as well as the space for development. 
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2.1 Musculoskeletal 
2.1.1 Bone 
Being the main support structure in our body, the bone helps to hold our important organs in 
place. The bone is made up of cells and extracellular matrix which consist of both organic and 
in organic components. The collagen fibres provide tensile strength and increase toughness 
and hardness through mineral salt. Bone matrix forming, and resorption helps normal skeletal 
growth and modelling, thus maintaining the bone tissue. [1].  Bone cells are broken down into 
two categories. Osteoblasts and osteocytes forms and maintains the bone. Osteoclasts 
belongs to a category that resorb the bone and is also reactive to biochemical stimulation [2]. 
2.1.2 Tendon 
The tendon is a dense and strong tissue that connects the muscle to the bones which allows 
body movements through transfer of contraction forces [3]. It has good mechanical strength, 
elasticity and flexibility which allows our body to bear heavy loads. When injured, tendons 
tend to heal at a slower rate as compared to other connective tissues due to its low metabolic 
rate and its dense composition of fibres. Tendons are made up of collagen fibres which are 
flexible, strong, and capable of withstanding high tensile stresses [4].  Tendons are mainly 
made up of type I collagen with little amounts of type III and V collagen. Tenocytes are 
elongated fibroblasts which are cells found in tendons [5]. 
2.1.3 Cartilage 
Cartilage acts like a rubber padding that protects the end of our bones at joint areas and it is 
a vulnerable tissue, usually subjected to injuries. It is capable of withstanding compressive, 
tensile, frictional and shear loading. Cartilage is mostly made up of water and majority of the 
collagen found in the cartilage is of type 2 [6]. A cartilage matrix is made up of proteoglycan, 
collagen, anchorin, chondrocyte, fibronectin and hyaluronate. The most common type of 
cartilage is Hyaline. It is found in the nose and ribs. The other types of cartilage are fibro and 
elastic [7]. Repairing cartilage is a challenging task due to the lack of blood vessels and also 
the presence of a complicated matrix which makes up the cartilage [8].  
2.1.4 Ligament 
Ligament comprises of a short band of flexible and tough fibrous connective tissue. These 
tissues connect the proximal tibia to the distal femur. The is made up mostly of type I collagen 
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and secondly type III collagen [9]. An alignment changes of the PL and AM femoral gives the 
ligament the ability to twist, thus giving a full range of motion. However, the ligament may 
take up to 12 weeks to regain its strength upon injury and it does not heal itself. A surgery will 
have to be conducted to have it fixed and it might take an entire year or more before the 
ligament is back into full motion. Having similar functions to a tendon, ligaments transfer 
forces from bone to bone to provoke motion [10].  
2.2 Human body environment 
The human body produces body fluids which are corrosive, and this may be an issue as using 
biodegradable metals in medical applications can prove to be a big challenge as the materials 
no longer support the recovery of the injury if it degrades too quickly. Any non-compatible 
materials that corrodes may also bring negative impact to the human body.  
2.2.1 Biodegradability 
As mentioned earlier, eliminating the need of a second surgery to remove any implants allows 
the tissue to grow and develop. The material will also need to corrode in vivo and then dissolve 
itself completely without leaving any residues [11]. The material corrosion rate must also be 
determined to optimise the implant’s effectiveness in promoting recovery for the tissues 
surrounding it.  
2.2.2 Biocompatibility 
This is the most important requirement due to the possibility of allergic reaction or even 
fatality if an incompatible material degraded in the human body. Any rejection of the implant 
may also require a second surgery to remove it and decrease the healing rate of the tissue. 
This may also have a long-lasting effect to the tissues around the implants and therefore it 
should be considered thoroughly before determining any biocompatibility. 
2.3 Current biomedical application studies 
2.3.1 Metal implants 
Metal stents are small tubes which expands arteries and promotes blood flow. They are known 
as cardiac, coronary or heart stents. Figure 1 shows how a metal stent works in the human 
body. 
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Figure 1: Metal stents application 
They are used to treat patients with heart attack and the current stents are widely made of 
stainless steel [12], which is cheap but resistant to corrosive environment. Other stent 
materials include titanium, and cobalt-chromium alloy. Orthopaedic implants also use 
stainless steel due to its ideal mechanical properties and resistance to corrosion. Figure 2 
shows a metallic implant in the bone. 
 
Figure 2: Metallic implant in bone 
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2.3.2 Stainless steel 
Stainless steel is resistant to corrosion and rust with desired mechanical properties, shown in 
table 1, which makes it good for kitchen appliances, automobiles, weapons and even 
construction. 
Table 1: Stainless steel properties 
Properties Values 
Ultimate tensile strength 505 MPa 
Yield strength 215 MPa 
Hardness, Vickers 129 
 
Stainless steel implants were first used with 8wt% nickel and 18wt% chromium which 
increased its resistance to corrosion and was stronger as compared to steel. With the addition 
of Molybdenum, resistance to corrosion was increased and it was named as type 316 stainless 
steel [13]. 316 was then renamed as 316L after reducing the C content from 0.08 to 0.03mt% 
which increases corrosion resistance to CL solution. This is to ensure that no infections to the 
human body can occur due to corrosion of metallic implants. Stainless steel screws are also 
widely used for orthopaedic surgeries as compared to other metals due to its price [14]. 
2.3.3 Titanium 
Titanium having a density of 4.5g/cm3, is well sort after due to its light weight [15]. As 
compared to the density of 316 stainless steel at 7.9 g/cm3, it is 40% less dense and has 
comparable strength to steel, making it is more advantageous for implants. Titanium alloys 
are widely used in dental implants due to its good biological and biomechanical properties 
[16]. Figure 3 shows an example of a dental implant. 
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Figure 3: Titanium dental implant 
Ti alloys can also be used for other areas of the body such as the hip joint. The most commonly 
used Ti alloy is, Ti-6AI-4V, due to it high tensile strength and resistance to corrosion. Other Ti 
alloys include TI-3AI-2.5V and Ti-15V-3Cr-3Sn-3AI. The properties of Ti alloys are listed down 
in table 2: 
Table 2: Ti alloy properties 
Material Stress direction Yield strength 
(MPa) 
Tensile strength 
(MPa) 
Vickers 
hardness (Hv) 
TI-3AI-2.5V Top 615 661 240 
Longitudinal 501 654 
Ti-15V-3Cr-3Sn-
3AI 
Top 789 828 260 
Longitudinal 772 823 
Ti-6AI-4V Top 888 957 320 
Longitudinal 905 959 
 
2.3.4 Cobalt-chromium alloy 
Cobalt-chromium alloys is high in strength and also used in both orthopaedic and dental 
implants. Its resistant against wear, pitting and crevice corrosion with good ductility and high 
fatigue strength [17].  It can also be used for cardiovascular implants. Figure 4 depicts the 
examples of applications that can be made with cobalt chromium alloy. 
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Figure 4: Implants for cobalt chromium alloy 
Co-Cr alloys are heat treated to increase its tensile and fatigue strength. The mechanical 
properties of Co-Cr are listed in table 3. 
Table 3: Co-Cr properties 
Material Tensile strength Yield strength Hardness 
Co-Cr After heat 
treatment 
960 MPa 560 MPa 34 
Co-Cr ASTM F75-07 655 MPa 450 MPa 25-35 
 
The use of Co-Cr enables the use of a thinner stent design while maintaining its strength. A 
thinner stent will mean lower restenosis rates, thus minimizing vessel injury while providing 
excellent results. However, Co-Cr also carries the risk of thrombosis [18]. 
2.4 Current studies in biodegradable medical applications 
There are many studies pertaining to biodegradable materials for medical applications that 
are readily available on the internet. The common materials are Ti alloys, Mg alloys, Fe alloys 
and Zn alloys. Polymer stents are also being researched and considered as an option to replace 
permanent metallic stents. As compared to non-biodegradable metallic stents, polymer stents 
are capable of handling higher capacity of drug loading. However, the strength of the stents 
may not be comparable to metallic stents and this may lead to an increase risk of fracture 
according internally within the user [19].  
2.5 Biodegradable metals used in this project 
2.5.1 Zinc 
Zn is a key element in our human body and helps to boost the immune system, fighting the 
common cold and preventing respiratory infections [20]. Zn is present in most part of the body 
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with 86% of it in the musculoskeletal structure. 6% of Zn can be found in the skin, 5% of it 
residing in the liver, 1.5% of it present in the brain and the rest spread across other parts of 
the human body [21]. The mechanical properties of pure Zn are brittle, soft, and have a low 
tensile strength of 20MPa. The mechanical properties can be improved through forging, 
extrusion, rolling or other form of heat treatments [22]. However, its lower corrosion rate as 
compared to iron means it can stay in the human body for a longer period [23].  
2.5.2 Magnesium 
Similar to Zn, interest for Mg as an alternative to non-biodegradable implants are always 
rapidly growing. Mg has a higher tensile strength with a Young’s modulus closer to the bone 
as other non-metal biodegradable materials such as polymers or ceramics [24]. Mg helps to 
keep the muscle and nervous system of the human body functioning and it also helps to 
maintain a healthy and strong immune system. The human body holds up to 65% of Mg in the 
bones and 34% in intracellular areas of the body. The required intake per day is between 300 
to 400 mg which depends on the age group and gender difference. It also stabilizes the 
proteins, biological membranes, and nucleic acids in the human body [25]. However, Mg 
corrodes too quickly to allow proper recovery of the tissue around it due to an exposure of 
chloride elements in the body. The corrosion of Mg in the body produces large amounts of gas 
which results in tissue necrosis [26]. 
3 Methodology 
3.1 Casting alloys 
A Zn-Mg alloy with 30% weight of Mg was first prepared to expedite casting process as both 
Zn and Mg tend to oxidize very quickly in high temperatures. Once the master alloy was ready, 
it was then broken into smaller pieces, ready to be casted with Pure Zn to obtain five different 
composition of alloys which are Zn-0.4Mg, Zn-0.8Mg, Zn-1.2Mg, Zn-1.6Mg and Zn-2.0Mg. As 
Pure Zn is fully melted into liquid form, pieces of master alloy were added into the mould to 
cast the required alloys. Table 4 shows the amount of Zn and master alloy needed for the 
casting. 
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Table 4: Material quantities 
Mg Wt% Mass of Zn Mass of Zn-30Mg 
0 wt% 7000g 0g 
0.4 wt% 6906.67g 28g 
0.8 wt% 6813.33g 56g 
1.2 wt% 6720g 84g 
1.6 wt% 6626.67g 112g 
2.0 wt% 6533.33g 140g 
Total 40600g 1400g 
 
The materials were casted into ingots, bars, and rods where excess materials were kept for 
future experiments. Figure 5 shows the sawing machine and furnace that was used to prepare 
and cast the materials. 
 
Figure 5: Sawing machine (left)  and furnace (right) 
3.2 Cooling curves 
The ingots casted for each composition were reheated in a mould till it liquifies. A small probe 
was inserted into the centre of the mould while the liquid metal was cooling down to retrieve 
data on its temperature change. The cooling curves were then plotted using the information 
obtained from the experiment. 
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3.3 Rolled sheets 
The casted ingots were packed up and send to Melbourne to have them rolled into sheets. 
Despite sending ingots of every individual compositions, only pure Zn, Zn-0.4Mg, Zn-0.8Mg 
and Zn-1.2Mg were rolled into sheets. An example of the rolled sheets can be seen in figure 
6. 
 
Figure 6: Zn-1.2Mg rolled sheet 
3.4 Microstructure 
Small samples of each compositions were cut and obtained from the casted rods and rolled 
plates. These samples were then mounted into resin cylinders using the Struers Citopress 
machine. The sheet samples were mounted in two different ways to observe its 
microstructure from the top view and side view. Struers CitoPress-30, shown in figure 7, was 
used to mount the samples in resin. 
 
Figure 7: Struers CitoPress-30 
The mounting process were as follows: 
18 
 
1. A piece of sample was placed on the mounting plate with up to 25ml of polyfast 
powder added to it. 
2. Activate the machine for mounting. The heating and cooling process takes up to 5 
minutes. 
These steps were repeated for all samples and each individual sample was polished using the 
Struers Tegrapol-21 machine shown in figure 8.  
 
Figure 8: Struers Tegrapol-21 
The samples were polished using different grades of polishing paper, namely 320, 500, 1200, 
4000. The polishing duration for each polishing paper was from 2 minutes to 3 minutes. 
Another set of special polishing papers were used to finish the polishing process, they are Mol, 
Nap and Chem with their duration ranging from 10 to 15 mins for each paper. Figure 9 shows 
the mounted samples of the casted rods and rolled sheets. 
 
Figure 9: Mounted casted rod (1st picture) and sheets (2nd and 3rd picture) 
The samples were flushed with distilled water and ethanol after the completion of the entire 
polishing process and then dried using compressed air and a heater. In order to observe the 
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microstructure of the samples, the polished surface was etched to highlight features at a 
microscopic level.  The sample surface was then flushed with ethanol and dried using a heater. 
The microstructure of every sample was then observed and studied under the optical 
microscope, as shown in figure 10, at 20x, 50x and 100x magnification. 
 
Figure 10: Optical microscope 
3.5 Mechanical test 
The casted rods and rolled sheets were machined into tensile test specimens with dimensions 
as shown in figure 11 and 12.  
 
Figure 11: Rolled sheet tensile specimen 
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Figure 12:Casted rod tensile specimen 
The samples were then attached to a tensile testing machine while connected to a computer 
that is running a program which records data while the test was conducted. These samples 
were tested with a strain rate of 0.1mm/s till they failed. Figure 13 shows the setup of the 
tensile testing experiment. 
 
Figure 13: Tensile testing machine 
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Two rubber bands were attached to the samples to secure a data retrieving device which 
transfer the information acquired from the experiment to the computer. The stress strain 
curves were then plotted using the data obtained from the experiment. 
3.6 Scanning electron microscope (SEM) 
All the tensile samples which failed were further investigated by observing the fracture surface 
through a SEM. Microscopic pictures of different magnifications were taken and observed.  
3.7 Corrosion test 
Casted rods were sent for machining to achieve a diameter of 7mm and cut into smaller 
samples. Rolled sheet samples were also cut and prepared into 10 x 10mm dimensions. The 
samples needed for corrosion test were then soldered with a copper wire as shown in figure 
14.  
 
Figure 14: Soldered sheet (left) and rod (right) samples 
The samples for corrosion test were mounted differently from those of the microstructure 
analysis due to the presence of the soldered copper wire. The samples were first place into a 
mould and Struers EpoFix Resin mixed with a liquid hardener was subsequently poured into 
the mould and let to solidify overnight. The mounted samples were then polished using 320, 
500 and 1200 polish papers manually till the surface is flat and smooth. Figure 15 shows the 
picture of the moulds and the mounted sample. 
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Figure 15: Sample moulds (left) and mounted sample for corrosion testing (right) 
Hank’s solution will be used as the testing solution for the corrosion test. Hank’s solution was 
prepared using these set of steps: 
1. Prepare 900 ml of distilled water in a beaker. 
2. Open a packet of Hank’s Balanced Salts packet and pour it into the beaker. Flush 
the packet with distilled water to drain all remaining salt left in the packet. 
3. Add 0.353 g of Sodium Hydrogen Carbonate powder (NaHCO3) into the mixture. 
Stir well to dissolve all salts or powder. 
4.  Pour the mixture into a volumetric flask and fill it up with distilled water till the 
volume of the mixture reaches 1000 ml. 
5. Store the solution in an empty container and label it. Hank’s solution is ready to be 
used. 
Figure 16 shows the set up for corrosion test. 
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Figure 16: Corrosion test set up 
The Hank’s solution was poured into a small beaker and lowered into a 40oC water bath. The 
solution will be kept at approximately 37.5oC throughout the entire corrosion test. The surface 
area of each sample was recorded as it was one of the testing parameters needed for the 
program which runs the experiment. The sample was then connected to an electrochemical 
system and lowered into the solution. The test for a single sample was divided two parts, 
namely open circuit potential and potential dynamic. Each test was conducted for an hour 
each and after the consecutive two hours of testing, the Hank’s solution was changed. 
Subsequently, all the mounted rod and sheet samples were testing one after another.  
4 Results and discussion 
4.1 Cooling curves 
4.1.1 Results 
All samples were reheated in a furnace to temperatures between 500oC till 600oC to ensure 
they were fully melted. Once the samples were removed from the furnace, they were air-
cooled with and data was retrieved through the testing probe. An excel plot was generated 
with the data retrieved and shown in figure 17. 
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Figure 17: Cooling curves 
Individual cooling curves for Pure Zn, Zn-0.4Mg, Zn-0.8Mg, Zn-1.2Mg, Zn-1.6Mg and Zn-2.0Mg 
can be found in Appendix A. 
4.1.2 Discussions 
The eutectic point range is between 350oC and 450oC. The relationship between the 
temperature range and Zn-Mg alloys phase diagram can be seen in figure 18, where the 
temperature range is similar to the phase diagram. 
 
Figure 18: Cooling curves (left) vs Zn-Mg phase diagram (right) 
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Zn-1.2Mg eutectic point temperature was lower than 400oC and this could be caused by 
errors in the casting process. The accuracy of the weight percentage of Zn-Mg alloys can 
alter the temperature of solidification or the sensitivity of the probe may also alter the 
results. Another relationship observed from the results was that as more Mg was added into 
Zn, the eutectic point decreases. This also co-relates to the phase diagram which shows as 
the Zn composition increases, the eutectic point decreases. 
4.2 Microstructure 
4.2.1 Results 
All samples were successfully polished and etched for microstructure analysis. However, there 
were some challenges faced during the polishing of the sheet samples. As the sheet samples 
were really thin, too much polishing eroded the entire sheet and as a result, the sheet samples 
have to be remounted into resin again. The sheet samples were then polished with finer 
polishing papers to ensure that it does not get eroded but that resulted in presence of 
scratches in the microscopy pictures. Figure 19 to 21 shows the microstructure of the casted 
rods for pure Zn, Zn-0.4Mg, Zn-0.8Mg, Zn-1.2Mg, Zn-1.6Mg and Zn-2.0Mg at 50x magnification 
from the optical microscope. 
 
Figure 19: Pure Zn (left) and Zn-0.4Mg (right) 
 
Figure 20: Zn-0.8Mg (left) and Zn-1.2Mg (right) 
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Figure 21: Zn-1.6Mg (left) and Zn-2.0Mg (right) 
Figure 22 and 23 shows the microstructure of the rolled sheets for pure Zn, Zn-0.4Mg and 
Zn-0.8Mg from the top view at 50x magnification. 
 
Figure 22: Sheet top view of pure Zn (left) and Zn-0.4Mg (right) 
 
Figure 23: Sheet top view of Zn-0.8Mg 
Figure 24 and 25 shows the microstructure of the rolled sheets for pure Zn, Zn-0.4Mg and 
Zn-0.8Mg from the side view at 10x magnification. 
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Figure 24: Sheet side view of pure Zn (left) and Zn-0.4Mg (right) 
 
Figure 25: Sheet side view of Zn-0.8Mg 
The rest of the microstructure pictures can be found in Appendix B 
4.2.2 Discussions 
All casted rod samples possess a crystal structure and as the Mg content increases, the grain 
boundaries became thicker due to formation of Zn-Mg intermetallic eutectics around it. Pure 
Zn have an approximate grain size of 20µm and the grain size of Zn decreases as the Mg 
content increases. Based on the grain-boundary strengthening theory, thicker grain 
boundaries disrupt the motion of dislocations. This means more energy will be needed to 
promote dislocation of grains within a continuous slip plane. This may also mean that as Mg 
content increases, the alloy increases in hardness but decreases in ductility.  
The top and side view of the sheet samples also shows that grain size decreases as the alloy 
increases in Mg content.  The side view of sheet samples shows very fine grain structures for 
both Zn-0.4Mg and Zn-0.8Mg, thus meaning higher toughness as compared to a pure Zn grain 
structure but much lesser ductility. There is no clear grain boundaries present in the side views 
of both Zn-0.4Mg and Zn-0.8Mg. 
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4.3 Mechanical test 
4.3.1 Results 
According to the workshop, there were difficulty in machining the rod samples as majority of 
them had porosity in them and the samples were brittle. Once all the rod and sheet specimen 
were machined, they were successfully tested. Figure 26 to 31 shows the stress-strain graph 
of all the rod specimen and its modulus. 
 
Figure 26: Pure Zn rod specimens 
 
Figure 27: Zn-0.4Mg rod specimens 
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Figure 28: Zn-0.8Mg rod specimens 
 
Figure 29: Zn-1.2Mg rod specimens 
 
Figure 30: Zn-1.6Mg rod specimens 
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Figure 31: Zn-2.0Mg rod specimens 
Figure 32 to 34 shows the stress-strain graph of all the sheet samples and its modulus. 
 
Figure 32: Pure Zn sheet specimens 
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Figure 33: Zn-0.4Mg sheet specimens 
 
Figure 34: Zn-0.8Mg sheet specimens 
Pictures of samples after testing can be found in figure in Appendix C. 
4.3.2 Discussions 
Young’s modulus retrieved from testing the pure Zn rod specimen is inconsistent at 17 GPa 
and 1 GPa. This inconsistency can be seen for all the rod specimens and it could be due to poor 
machining or casting with presence of porosity. Some rod specimens had signs of cracks as 
they were mounted onto the tensile testing machine, even before the commencement of the 
experiment. The ultimate tensile strength (UTS) for the rod specimens were also inconsistent 
as seen in the figures. The average Young’s modulus for each rod specimen is shown in table 
5. 
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Table 5: Average Young's modulus for tensile rod specimens 
Material Average Young’s modulus (MPa) 
Pure Zn 9471 
Zn-0.4Mg 65160 
Zn-0.8Mg 50030 
Zn-1.2Mg 81924 
Zn-1.6Mg 66595 
Zn-2.0Mg 109707 
 
Based on the information provided in table 5, there seems to be a trend that as Mg content 
increases, the young’s modulus seems to be increasing as well. 
The results for sheet specimens were more consistent and there were no visible cracks on the 
specimens.  The mechanical properties retrieved from the data are shown in table 6. 
Table 6: Average Young's modulus and UTS for sheet specimens 
Material Average Young’s modulus 
(MPa) 
Average UTS (MPa) 
Pure Zn 4998 120 
Zn-0.4Mg 33708 225 
Zn-0.8Mg 43507 250 
 
Similar to the rod specimens, the sheet specimens show that as the Mg content increases, the 
young’s modulus increases as well. This also results in an increasing UTS as shown in table 6. 
Based on the results from the rod and sheet specimens, the alloys tend to get stronger and 
stiffer as Mg content increases. 
4.4 SEM 
4.4.1 Results 
The fracture surface of each tensile specimens was taken and figure 35 to 37 shows the SEM 
images at x30 magnification for the rod specimens. 
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Figure 35: SEM for tensile rod specimens of pure Zn (left) and Zn-0.4Mg (right) 
 
Figure 36: SEM for tensile rod specimens of Zn-0.8Mg (left) and Zn-1.2Mg (right) 
 
Figure 37: SEM for tensile rod specimens of Zn-1.6Mg (left) and Zn-2.0Mg (right) 
Figure 38 and 39 shows the SEM images at x500 magnification for the sheet specimens. 
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Figure 38: SEM for sheet tensile specimens of pure Zn (left) and Zn-0.4Mg (right) 
 
Figure 39: SEM for sheet tensile specimen of Zn-0.8Mg 
4.4.2 Discussions 
From the SEM pictures of the rod specimens, it can be seen that there are crystal structures 
and some porosity which may have affected the results for tensile testing. The fracture surface 
or the rod samples show little signs of tensile stress. The fracture surface of the sheet samples 
seems to have some porosity and show signs of tensile stress. 
4.5 Corrosion test 
4.5.1 Results 
All of the rod and sheet samples were successfully tested and have their data retrieved. Figure 
40 shows the open circuit potential (OCP) for rod samples. 
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Figure 40: Rod samples OCP 
Figure 41 shows the OCP for sheet samples 
 
Figure 41: Sheet samples OCP 
Figure 42 shows the polarization curves (PC) for each rod samples. 
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Figure 42: PC for rod samples 
Figure 43 shows the PC for each sheet samples. 
 
Figure 43: PC for sheet samples 
Table 7 shows the corrosion potential (Ecorr) and corrosion current density (Icorr) for rod 
samples. 
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Table 7: Corrosion values for rod samples 
Materials Ecorr (V) Icorr (Log(A/cm2)) 
Pure Zn -1.13 1.19e-7 
Zn-0.4Mg -1.1 1.00e-7 
Zn-0.8Mg -1.13 1.17e-7 
Zn-1.2Mg -1.14 4.45e-7 
Zn-1.6Mg -1.14 2.10e-7 
Zn-2.0Mg -1.16 1.47e-7 
 
Table 8 shows the corrosion potential (Ecorr) and corrosion current density (Icorr) for sheet 
samples. 
Table 8: Corrosion values for sheet samples 
Materials Ecorr (V) Icorr (Log(A/cm2)) 
Pure Zn -1.1 2.38e-7 
Zn-0.4Mg -0.95 2.83e-7 
Zn-0.8Mg -1.2 2.30e-5 
 
4.5.2 Discussions 
The OCP was first conducted to stabilise the corrosion pattern of the samples to ensure a 
better accuracy of results for the PC. Icorr represents the corrosion rate of the materials. The 
corrosion rate for rod samples is highest for Zn-1.2Mg and lowest for Zn-0.4Mg. However, Zn-
0.4Mg has the highest corrosion rate for sheet samples while Zn-0.8Mg has the lowest. The 
corrosion rate for all rod and sheet samples were similar in their respective types and no 
particular pattern or trend can be seen. The accuracy of this experiment may also be affected 
due to the sensitivity of electrochemical testing. Many factors such as the difference in 
temperature of the Hank’s solution and the surface of the samples may affect the accuracy of 
the results. 
5 Conclusion 
The cooling curves of Pure Zn and Zn-Mg alloys were fairly accurate as they were similar to 
the Zn-Mg phase diagram. However, the casting process and non-controlled cooling process 
results in porosities forming in the casted ingots and rods. Pure Zn and Zn-Mg alloys for the 
casted rod and rolled sheet samples were observed to have finer grain structure as Mg content 
gradually increases. Grain boundaries were gradually getting thicker for casted rod samples as 
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the Mg content increases as well. This may indicate that the alloys get stronger but less ductile 
as Mg content increases. 
The tensile test for the rod samples were inconsistent due to the presence of cracks and 
porosity in the testing specimens. However, tensile test for sheet samples shows a trend that 
as Mg content increases, the Young’s modulus and UTS increases. It is also more consistent in 
terms of its experimental data which may also indicate that mechanical rolling may have 
improved the physical properties of the alloys as compared to  
The fracture surface of the tensile rod specimens from the SEM pictures shows the presence 
of porosity which may have affected the accuracy of the tensile testing experiment and other 
than the pure Zn specimen, it seems that there is little or no sign of tensile stress. The fracture 
surface images of the tensile sheet specimens show signs of tensile stress. 
There were no distinct corrosion behaviour as the results do not show a trend when Mg 
content increases. 
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7 Appendix A 
 
Figure 44: Pure Zn cooling curve 
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Figure 45: Zn-0.4Mg cooling curve 
 
Figure 46: Zn-0.8Mg cooling curve 
 
Figure 47: Zn-1.2Mg cooling curve 
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Figure 48: Zn-1.6Mg cooling curve 
 
Figure 49: Zn-2.0Mg cooling curve 
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Figure 50: Rod samples of Pure Zn (left) and Zn-0.4Mg (right) at 20x magnification 
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Figure 51: Rod samples of Zn-0.8Mg (left) and Zn-1.2Mg (right) at 20x magnification 
 
 
Figure 52:Rod samples of Zn-1.6Mg (left) and Zn-2.0Mg (right) at 20x magnification 
 
Figure 53: Rod samples of Pure Zn (left) and Zn-0.4Mg (right) at 100x magnification 
 
Figure 54: Rod samples of Zn-0.8Mg (left) and Zn-1.2Mg (right) at 100x magnification 
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Figure 55: Rod samples of Zn-1.6Mg (left) and Zn-2.0Mg (right) at 100x magnification 
 
Figure 56: Top view of sheet samples Pure Zn (left) and Zn-0.4Mg (right) at 20x magnification 
 
Figure 57:Top view of sheet samples Zn-0.8Mg (left) at 20x magnification and Pure Zn (right) at 100x magnification 
 
Figure 58: Top view of sheet samples Zn-0.4Mg (left) and Zn-0.8Mg (right) at 100x magnification 
46 
 
 
Figure 59: Side view of sheet samples Pure Zn (left) and Zn-0.4Mg (right) at 5x magnification 
 
Figure 60: Side view of sheet sample Zn-0.8Mg at 5x magnification 
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Figure 61: Rod tensile specimens of pure Zn (left) and Zn-0.4Mg (right) after failure 
 
Figure 62: Rod tensile specimens of Zn-0.8Mg (left) and Zn-1.2Mg (right) after failure 
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Figure 63: Rod tensile specimens of Zn-1.6Mg (left) and Zn-2.0Mg (right) after failure 
 
Figure 64: Sheet specimens of pure Zn (left) and Zn-0.4Mg (right) after failure 
 
Figure 65: Sheet specimens of Zn-0.8Mg after failure 
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Figure 66: Rod samples Pure Zn (left) and Zn-0.4Mg (right) PC 
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Figure 67:Rod samples  Zn-0.8Mg (left) and Zn-1.2Mg (right) PC 
 
Figure 68: Rod samples Zn-1.6Mg (left) and Zn-2.0Mg (right) PC 
 
Figure 69: Sheet samples pure Zn (left) and Zn-0.4Mg (right) PC 
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Figure 70: Sheet sample Zn-0.8Mg PC 
 
